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Introduction
The study on NB-IoT and eMTC over Non-Terrestrial Networks (NTNs) is approved in [1]
	This Study will evaluate and confirm solutions to address the minimum necessary specifications for NB-IoT and eMTC according to the following objectives. 
The first objective of this Study is to identify scenarios applicable to NB-IoT/eMTC [RAN1, RAN2], including:
-	Bands of interest in sub 6 GHz
-	Device type with PC3 or PC5 (LEO and GEO) 
-	Satellite constellation orbit LEO and GEO 
-	Transparent payload.
-	Link budget
NOTE 1: This first objective will be based on the scenarios documented in TR 38.821.
NOTE 2: UE mobility assumptions follow terrestrial NB-IoT/eMTC assumptions.

The second objective is, for the above identified scenarios, to study and recommend necessary changes to support NB-IoT and eMTC over satellite, reusing as much as possible the conclusions of the studies performed for NR NTN in TR38.821. This objective will address the following items: 
-	Aspects related to random access procedure/signals [RAN1, RAN2]
-	Mechanisms for time/frequency adjustment including Timing Advance, and UL frequency compensation indication [RAN1, RAN2]
-	Timing offset related to scheduling and HARQ-ACK feedback [RAN1, RAN2]
-    Aspects related to HARQ operation [RAN2, RAN1]
-	General aspects related to timers (e.g. SR, DRX, etc.) [RAN2]
-	RAN2 aspects related to idle mode and connected mode mobility [RAN2]
-	RLF-based for NB-IoT
-	Handover-based for eMTC
-	System information enhancements [RAN2]
-	Tracking area enhancements [RAN2]

NOTE 3: 	GNSS capability in the UE is taken as a working assumption in this study for both NB-IoT and eMTC devices. With this assumption, UE can estimate and pre-compensate timing and frequency offset with sufficient accuracy for UL transmission. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed.
Recommendations for NB-IoT and recommendations for eMTC will be documented in the conclusions.


In this contribution, we share our initial views on timing relationship enhancements to NB-IoT/eMTC over NTN.

Timing relationship 
[bookmark: OLE_LINK5]The propagation delay in NTN can be from several milliseconds to hundreds of milliseconds, which is much larger than that in terrestrial networks. In NR NTN, the main motivation of introducing K_offset is to handle the offset between the UE’s DL and UL frame timing in NTN. Similar to NR NTN UE, an IoT device in case of NTN deployment also needs to apply a large TA value, which leads to a large offset in its DL and UL frame timing. Therefore, K_offset also need to be introduced for IOT NTN to enhance the following timing relationships:
· The transmission timing of DCI scheduled NPUSCH
· The transmission timing of RAR grant scheduled NPUSCH
· The transmission timing of HARQ-ACK on NPUSCH.
Proposal 1: The K_offset introduced in NR NTN can be reused in IoT NTN.

K_offset in initial access
In RAN 103e meeting, it was agreed that at least a cell specific K_offset configuration, which is used in all beams of a cell, should be supported in NR NTN [2].
	Agreement:
· For K_offset configured in system information and used in initial access, at least a cell specific K_offset configuration, which is used in all beams of a cell, should be supported.
· FFS: Beam specific K_offset configured in system information and used in initial access.


Cell specific Koffset value is supposed to work for all beams in this cell. Considering that NB-IOT is not very sensitive to delay, Cell specific can be used for initial access. Furthermore, as the system information is cell specific, applying a cell specific initial Koffset value is simple and straightforward, which has less specification impact. 
Proposal 2: Cell specific K_offset configuration should be supported and used in initial access.

Update K_offset after initial access
For initial access, the value of K_offset used is cell specific or beam specific. It needs to be used by all the UEs in the cell or beam. In TR 38.821, the maximum satellite beam size can be up to 3500 km for GEO and 1000 km for LEO, resulting in up to 10.3ms for GEO and 3.2ms for LEO maximum differential delay within a satellite beam. Even with one beam mapped to one cell, in such a large cell, the RTT values of different UEs may differ up to 20.6 ms for GEO and 6.4 ms for LEO. If the UE continues to use the cell specific K_offset value broadcast by the system information after initial access, it will cause unnecessary scheduling delay, especially in the scene of earth fixed beam.
In the last meeting, the following methods on how to update K_offset after initial access were mainly discussed in NR NTN.
	· Option 1: RRC configuration
· Option 2: MAC CE
· Option 3: Group common DCI
· Option 4: Signaling multiple K_offset values in a non-UE specific way which are used to update the UE applied value over time
· Option 5: UE updates the value of K_offset based on predefined rules


In our view, considering that NB-IOT is not very sensitive to delay, it is sufficient to update the K_offset from cell-specific to be beam-specific after initial access for IOT NTN.
Proposal 3: Updating of the Koffset from cell-specific to beam-specific after initial access for IOT NTN should be supported.
[bookmark: _GoBack]
Conclusion
As summary, we have the following proposals.
Proposal 1: The K_offset introduced in NR NTN can be reused in IoT NTN.
Proposal 2: Cell specific K_offset configuration should be supported and used in initial access.
Proposal 3: Updating of the Koffset from cell-specific to beam-specific after initial access for IOT NTN should be supported.
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